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EXHAUST HEAT POWER GENERATION APPARATUS 
PACKORQUND OF THE iNVKNTTn N 
.L Held of Invention 

The invention relates to an exhaust heat power generation apparatus that 
5 converts thermal energy of exhaust gas into electric energy. 

2. Description of Related Art 

An exhaust heat power generation apparatus has been developed to collect 
energy from the exhaust gas discharged from an engine by converting the thermal 
energy of the exhaust gas into electric energy. In the exhaust heat power generation 
10 apparatus, a thermoelectric converting module is interposed between an exhaust pipe 
(high temperature side) through which the exhaust gas flows and a cooling unit (low 
temperature side). Each thermoelectric element of the thermoelectric converting 
module functions in generating power in accordance with the temperature difference 
between the high temperature side and the low temperature side (Related Art: JP-A- 
15 11-36981; Figs. 3 to 5). Thermoelectric conversion efficiency of the thermoelectric 
converting module may be improved by raising the temperature at the high 
temperature side so as to increase the temperature difference between the high 
temperature side and the low temperature side. This may require improvement in heat 
conduction of the respective members at the high temperature and low temperature 
20 sides as well as improvement in the heat conduction between the thermoelectric 

converting module and the exhaust pipe/cooling unit which are respectively in contact 
with the thermoelectric converting module under appropriate surface pressures. 

As the temperature in the high temperature side of the exhaust heat power 
generation apparatus can be increased up to 800°, each thermal expansion of the 
25 dimension in the longitudinal, width, and thickness directions thereof becomes large 
in accordance with the temperature increase. While as the temperature in the low 
temperature side can be increased to 100° at the highest, each thermal expansion of 
the dimension in the respective directions becomes small. As a result, dimensional 
difference between the high temperature side and the low temperature side of the 
30 thermoelectric converting module occurs, resulting in distortion. This may cause a 
positional displacement between the thermoelectric converting module and the 
exhaust pipe/cooling portion, or deformation in the thermoelectric elements. Heavy 
deformation in the thermoelectric elements may cause breakage in the exhaust heat 
power generation apparatus. As the surface contact between the thermoelectric 
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converting module and the exhaust pipe/cooling unit is interfered by the thermal 
expansion, the heat conduction therebetween is deteriorated, decreasing the 
thermoelectric conversion efficiency. Especially an outer pipe of a generally 
employed exhaust heat power generation apparatus, to which the exhaust pipe and the 
5 cooling units are attached, is formed of a single member. The above-formed outer 
pipe is hardly allowed to absorb the aforementioned distortion. As a result, the 
distortion extends over the apparatus. If the cooling unit is formed of a water cooling 
system with high rigidity, it may further be difficult to absorb the distortion owing to 
low spring constant. 

10 Conventionally the outer pipe of the exhaust heat power generation apparatus, 

to which the exhaust pipe and the cooling unit are attached, is formed of the material 
exhibiting low thermal expansion ratio such as a stainless steel so as to reduce the 
thermal distortion. The stainless steel exhibits low thermal conductivity, and therefore, 
high heat resistance. As a result, the thermal energy is lost during passage through the 

15 members at the high temperature and the low temperature sides before it is transferred 
to the thermoelectric converting module. This may deteriorate the thermoelectric 
conversion efficiency. 

SUMMARY OF THE INVF.NTTON 
It is an object of the invention to provide an exhaust heat generation apparatus 
20 with excellent thermoelectric conversion efficiency. 

An exhaust heat power generation apparatus includes a thermoelectric 
converting unit that converts thermal energy of exhaust gas into electric energy, a heat 
exchange unit provided on one surface of the thermoelectric converting unit to 
conduct the thermal energy of the exhaust gas that flows through an exhaust pipe, and 
25 a cooling unit provided on the other surface of the thermoelectric converting unit to 

cool the thermoelectric converting unit. The cooling unit has a rigidity set to a highest 
value among those of the thermoelectric converting unit, the heat exchange unit and 
the cooling unit. 

The exhaust heat power generation apparatus includes a system in which the 
30 thermoelectric converting unit is interposed between the heat exchange unit that 

conducts the thermal energy of the exhaust gas flowing through the exhaust pipe and 
the cooling unit such that the thermal energy is transferred. In the aforementioned 
system, the cooling unit has the highest rigidity. This makes it possible to allow the 
cooling unit to apply appropriate surface pressure to the thermoelectric converting 
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unit in the system in which the thermal energy is transferred. That is, the surface 
contact between the cooling unit and the thermoelectric converting unit may be 
uniformized, resulting in improved surface contact. This may improve the thermal 
energy transfer to the thermoelectric converting unit, and further improve the 
5 thermoelectric conversion efficiency. 

In the exhaust heat power generation apparatus, the heat exchange unit 
includes a heat exchange fin for conducting the thermal energy of the exhaust gas and 
a base having one surface on which the heat exchange unit is placed, and the other 
surface on which the thermoelectric converting unit is placed. The exhaust pipe 
10 includes a main body that forms a frame of an exhaust passage to which the base is 
attached, and the heat exchange fin provided therein. The base has a rigidity set to a 
highest value among those of the exhaust passage including the exhaust pipe and the 
heat exchange unit. 

In the exhaust heat power generation apparatus, the heat exchange unit 
15 includes the heat exchange fin and the base on which the thermoelectric converting 
unit is placed. The exhaust pipe includes a main body that constitutes a frame of the 
exhaust passage. In the exhaust heat power generation apparatus, the base of the heat 
exchange unit is attached to the main body of the exhaust pipe so as to form the 
exhaust passage. The base has the highest rigidity among those of the other members 
20 of the exhaust passage. This may allow the heat exchange unit to apply appropriate 
surface pressure to the thermoelectric converting unit. That is, the surface contact 
between the heat exchange unit and the thermoelectric converting unit may be 
uniformized, resulting in improved surface contact This may improve the thermal 
energy transfer to the thermoelectric converting unit, and further improve the 
25 thermoelectric conversion efficiency. 

In the exhaust heat power generation apparatus, the main body of the exhaust 
pipe is formed of a material exhibiting a thermal expansion ratio lower than that of the 
heat exchange unit. 

In the exhaust heat power generation apparatus, the main body of the exhaust 
30 pipe that is excluded from the system in which the thermal energy is transferred is 
formed of a material exhibiting lower thermal expansion ratio than that of the heat 
exchange unit, for example, stainless steel and the like. Accordingly, the main body 
of the exhaust pipe is unlikely to be expanded under the heat of the exhaust gas. As a 
result, the distortion in the exhaust heat power generation apparatus as a whole can be 
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restrained. The system in which the thermal energy is transferred such as the heat 
exchange unit and the cooling unit may be formed of the material exhibiting higher 
thermal expansion ratio, such as aluminum as well as high thermal conductivity. This 
may reduce the thermal resistance in the system, thus improving the thermoelectric 
conversion efficiency. 

In the exhaust heat power generation apparatus, the main body of the exhaust 
pipe is provided in a center of the exhaust heat power generation apparatus. The 
thermoelectric converting unit is provided on an outer periphery of the heat exchange 
unit attached to the main body of the exhaust pipe. The cooling unit is provided on an 
outer periphery of the thermoelectric converting unit. The exhaust heat power 
generation apparatus further includes an elastic member provided on an outer side of 
the cooling unit, and an elastic system for fixing the thermoelectric converting unit is 
formed, in which a pressure is applied to the cooling unit externally by the elastic 
member. 

In the exhaust heat power generation apparatus, the main body of the exhaust 
pipe is placed in the center of the apparatus, and the thermoelectric converting unit is 
interposed between the heat exchange unit to which the main body of the exhaust pipe 
is attached and the cooling unit. This apparatus includes the elastic system in which 
the elastic member serves to compress the cooling unit externally so as to fix the 
thermoelectric converting unit between the heat exchange unit and the cooling unit. 
The elastic system serves to compress the thermoelectric converting unit between the 
heat exchange unit and the cooling unit with lower spring constant, and to further 
compress the thermoelectric converting unit by allowing the heat exchange unit and 
the cooling unit to apply appropriate surface pressures to the thermoelectric 
converting unit. This makes it possible to absorb the distortion between the high 
temperature side (heat exchange unit) and the low temperature side (cooling unit) of 
the thermoelectric converting module with lower spring constant. 

In the exhaust heat power generation apparatus, the thermoelectric converting 
unit includes a module formed of a plurality of thermoelectric elements. A unit of the 
elastic system is structured based on the module. 

In the exhaust heat power generation apparatus, the thermoelectric converting 
unit is mainly formed of a module having a plurality of thermoelectric elements. The 
single unit of the elastic system, thus is formed based on the module of the 
thermoelectric converting unit. Therefore, the exhaust heat power generation 
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apparatus includes the elastic system formed of a plurality of units of the elastic 
systems arranged along the longitudinal and peripheral direction of the main body of 
the exhaust pipe. Even if the distortion occurs in the certain elastic system, such 
distortion may be prevented from extending over the other unit of the elastic system 
because each of the elastic systems is independently provided. The distortion 
occurred in the unit of the elastic system, thus, is not accumulated. 

In the exhaust heat power generation apparatus, the elastic member includes a 
spring and a compression member which are one of in point contact and line contact 
with each other. 

In the exhaust heat power generation apparatus, even if the point at which the 
elastic member compresses the cooling unit is displaced owing to the distortion under 
the heat, the surface pressure applied from the elastic member to the cooling member 
(from the cooling unit to the thermoelectric converting unit) may be uniformized. 
This is because the spring and the compression member are in point contact or line 
contact. This makes it possible to improve the surface contact between the cooling 
unit and the thermoelectric converting unit. 

Li the exhaust heat power generation apparatus, each of the heat exchange unit 
and the main body of the exhaust pipe has a variable configuration such that a 
direction in which the heat exchange unit deforms becomes opposite to a direction in 
which the main body of the exhaust pipe deforms 

In the exhaust heat power generation apparatus, the direction of the distortion 
in the heat exchange unit is opposite to the direction of the distortion in the main body 
of the exhaust pipe. Two opposite distortion forces may be offset, thus restraining the 
distortion in the exhaust passage. Even if the heat exchange fin is distorted or 
expanded under the heat, the distortion of the elastic system or the exhaust heat power 
generation apparatus may be restrained. 

BRIEF DE SCRIPTION OF TRF. PR A WTNTOg 

Fig. 1 is a perspective view of an exhaust heat power generation apparatus 
according to an embodiment of the invention; 

Fig. 2 is a front view of the exhaust heat power generation apparatus as shown 
in Fig. 1; 

Fig. 3 is a side view of the exhaust heat power generation apparatus at an 
upstream side as shown in Fig. 1; 

Fig. 4 is a sectional view taken along line IV-IV of the side view shown in Fig. 
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3; 

Fig. 5 is a sectional view taken along line V-V of the side view shown in Fig. 

2; 

Fig. 6 is a sectional view taken along line VI- VI of the side view shown in Fig. 

5 2; 

Fig. 7 A is a side view of a main body of a divided exhaust pipe as shown in 

Fig. 5; 

Fig. 7B is a plan view showing a part of the divided exhaust pipe in the 
longitudinal direction; 
10 Fig. 8A is a plan view of a lid of the cooling unit shown in Fig. 5; 

Fig. 8B is a sectional view taken along line VIIffi-VIIIB of the plan view 
shown in Fig. 8A; 

Fig. 9 A is a plan view of a main body of the cooling unit shown in Fig. 5; 
Fig. 9B is a sectional view taken along line IXB-IXB of the plan view shown 
15 inFig.9A; 

Fig. 9C is a sectional view taken along line IXC-IXC of the plan view shown 
in Fig. 9A; 

Fig. 10A is a front view of a heat exchange member shown in Fig. 5; 
Fig. 10B is a side view of the heat exchange member shown in Fig. 5; 
20 Fig. 10C is a bottom view of the heat exchange member shown in Fig. 5; 

Fig. 11 A is a plan view of a clamp shown in Fig. 5; 
Fig. 1 IB is a front view of the clamp shown in Fig. 5; 
Fig. 12 is a plan view of a leaf spring shown in Fig. 5; 
Fig. 13 A is a plan view of a compression member shown in Fig. 5; 
25 Fig. 13B is a sectional view taken along line XTTTB-XTTTR of the plan view 

shown in Fig. 13 A; and 

Fig. 14 is a perspective view representing the exhaust heat power generation 
apparatus placed in the vicinity of an exhaust manifold. 

PETAI LEP DESCRIPTION OF THE EMBODIMENTS 
30 An exhaust heat power generation apparatus will be described referring to the 

drawings. 

In this embodiment, an exhaust heat power generation apparatus according to 
the invention is mounted on a vehicle such that the thermal energy of the exhaust gas 
discharged from the gasoline engine is converted into electric energy. The exhaust 
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heat power generation apparatus has an exhaust pipe of tetrameric type (divided into 4 
parts along the periphery). There are 4 exhaust heat power generation units arranged 
along the periphery, and 4 exhaust heat power generation units arranged in the 
longitudinal direction. Accordingly the exhaust heat power generation apparatus 
includes 16 exhaust heat power generation units in total. 

Referring to Figs. 1 to 6, the structure of an exhaust heat power generation 
apparatus 1 will be described. Fig. 1 is a perspective view of the exhaust heat power 
generation apparatus. Fig. 2 is a front view of the exhaust heat power generation 
apparatus of Fig. 1. Fig. 3 is a side view of the exhaust heat power generation 
apparatus at an upstream side. Fig. 4 is a sectional view taken along line IV-IV of the 
side view shown in Fig. 3. Fig. 5 is a sectional view taken along line V-V of the front 
view shown in Fig. 2. Fig. 6 is a sectional view taken along line VI-VI of the front 
view shown in Fig. 2. 

The exhaust heat power generation apparatus 1 is provided at an arbitrary 
position of an exhaust system connected to an exhaust manifold of a gasoline engine 
(not shown). For example, the exhaust heat power generation apparatus may be 
provided in the vicinity of the exhaust manifold, at an upstream side of an exhaust 
purification catalyst, at an upstream side of a muffler and the like. The exhaust heat 
power generation apparatus 1 is of tetrameric type along the periphery of the exhaust 
pipe and includes 16 exhaust heat power generation units 2. The exhaust heat power 
generation apparatus 1 includes 4 exhaust heat power generation units 2 along the 
peripheral direction (see Fig.3 ), and 4 exhaust heat power generation units 2A to 2D 
along the longitudinal direction (see Fig. 2). In the exhaust heat power generation 
apparatus 1, each of the exhaust heat power generation units 2 serves to convert the 
thermal energy of the exhaust gas into electric energy which is charged into a battery 
(not shown) via a DC/DC converter (not shown). 

In the exhaust heat power generation apparatus 1, an exhaust introduction pipe 
3 connected to an exhaust pipe (not shown) at upstream side is provided at an end of 
the upstream side, and an exhaust discharge pipe 4 connected to an exhaust pipe (not 
shown) at downstream side is provided at an end of the downstream side. There are 4 
divided exhaust pipes 5 which are connected with one another through welding 
between the exhaust introduction pipe 3 and the exhaust discharge pipe 4. Each of 
those divided exhaust pipes 5 is arranged at every 90° at the center of the exhaust heat 
power generation apparatus 1 (see Fig. 5), forming each frame of 4 divided exhaust 
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passages CW, respectively. In this embodiment, each of the divided exhaust pipe 5 
corresponds to the main body of the exhaust pipe. 

Referring to Figs. 7A and 7B, the divided exhaust pipe 5 will be described. 
Fig. 7 A is a side view of the divided exhaust pipe 5, and Fig. 7B is a plan view 
representing a portion of the divided exhaust pipe 5 in the longitudinal direction. 

The divided exhaust pipe 5 is formed of a stainless steel having a main portion 
of a thin plate-like shape. Referring to Fig. 7A, the divided exhaust pipe 5 has an 
isosceles trapezoidal shape as a side view. Each angle defined by the long side 5a and 
two sides 5c each connecting between the respective ends of the long side 5a and the 
short side 5b is 45°. An outer plate 5d corresponding to the long side 5a of the 
divided exhaust pipe 5 is provided with 4 openings 5e arranged in the longitudinal 
direction. In Fig. 7A, 2 openings 5e are only shown. The opening 5e has a 
substantially square shape, to which a heat exchange fin 12b of a heat exchange 
member 12 is inserted as shown in Fig. 10. The outer plate 5d has bolt holes 5f 
formed therein through which the heat exchange member 12 is tightened with a bolt 
along the outer periphery of the opening 5e. The thickness of the outer plate 5d is 
larger than that of the other portions of the divided exhaust pipe 5. The bolt hole 5f is 
provided with a female thread. 

Side plates 5g of each of the divided exhaust pipes 5 are welded to the 
respective side plates 5g of adjacent divided exhaust pipes each arranged at 90°. Then 
4 divided exhaust pipes 5 are connected along the periphery and formed into a 
substantially square shape as the side view (see Fig. 5). Each of the divided exhaust 
pipes 5 is provided with 4 heat exchange members 12. A divided exhaust passage 
C W is formed by closing 4 openings 5e. Both ends of each of inner plates 5i of 4 
divided exhaust pipes 5 are connected to a split member 6 at an upstream side through 
welding, and a joint member 7 at a downstream side through welding (see Fig. 4). 
The split member 6 is formed like a quadrangular pyramid shape having its width 
reduced as it goes upstream such that the flow of the exhaust gas from the exhaust 
introduction pipe 3 is split into 4 divided exhaust passages C W. The joint member 7 
is formed like a quadrangular pyramid shape having its width reduced as it goes 
downstream such that the exhaust gas each flowing through 4 divided exhaust 
passages CW is joined together. 

Each of the divided exhaust pipes 5 is formed of the stainless steel exhibiting 
lower thermal expansion ratio than that of aluminum, having relatively lower degree 
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of thermal expansion compared with the other members that constitute the exhaust 
heat power generation apparatus 1. As the divided exhaust pipe 5 is formed into the 
thin plate-like isosceles trapezoidal shape, it has lower rigidity compared with the 
other members for the exhaust heat power generation apparatus 1 (especially heat 
exchange member 12). Therefore, the divided exhaust pipe 5 is deformed in the 
direction where the side plates 5g deform toward the short walls 5i as shown by arrow 
of Fig. 7A. As the rigidity of the divided exhaust pipe 5 is lower than that of the 
cooling unit 8, it may be deformed followed by the shape of the heat exchange surface 
of the cooling unit 8. 

The exhaust heat power generation unit 2 is mainly formed of a thermoelectric 
converting module 13. Various elements that constitute the unit 2 are formed based 
on the size of the thermoelectric converting module 13. In the exhaust heat power 
generation unit 2, appropriate pressure (for example, 14 kg/cm 2 ) is applied to the 
thermoelectric converting module 13 from the low temperature side and the high 
temperature side. The exhaust heat power generation unit 2 is flexibly compressed by 
the spring system so as to improve the thermoelectric conversion efficiency of the 
thermoelectric converting module 13. Then each of the exhaust heat power 
generation units 2 is fit in the opening 5e of the divided exhaust pipe 5, respectively. 
In the exhaust heat power generation apparatus 1, 4 exhaust heat power generation 
20 units 2A, 2B, 2C, 2D are arranged between the upstream side and the downstream 
side such that the thermoelectric conversion efficiency can be uniformly obtained at 
either the upstream or the downstream side. The exhaust heat power generation unit 2 
is provided with a cooling unit 8, the heat exchange member 12 (12A, 12B, 12C, 
12D), the thermoelectric converting module 13, and a spring clamp 14, forming the 
system through which the thermal energy is transferred and the spring clamp system. 
In this embodiment, the exhaust heat power generation unit 2 may correspond to the 
elastic system, and the heat exchange member 12 may correspond to the heat 
exchange unit. The thermoelectric converting module 13 may correspond to the 
thermoelectric converting unit, and the spring clamp 14 may correspond to the elastic 
member. The divided exhaust pipes 5 and the heat exchange members 12 may 
constitute the exhaust passage system. 

The cooling unit 8 will be described referring to Figs. 8A to 9C. Fig. 8A is a 
plan view of a lid of the cooling unit 8, and Fig. 8B is a sectional view taking along 
VmB-VmB of the plan view shown in Fig. 8A. Fig. 9A is a plan view of a main 
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body of the cooling unit 8, Fig. 9B is a sectional view taken along IXB-IXB of the 
plan view shown in Fig. 9A, and Fig. 9C is a sectional view taken along IXC-IXC of 
the plan view shown in Fig. 9A. 

The cooling unit 8 serves to apply appropriate pressure to a low temperature 
end surface of the thermoelectric converting module 13 so as to be fixed and cooled 
with water. The cooling unit 8 has the highest rigidity among elements of the exhaust 
heat power generation unit 2 (especially in the system where the thermal energy is 
transferred). The cooling unit 8 serves as a reference based on which the 
thermoelectric converting module 13 is fixed by the exhaust heat power generation 
unit 2 (especially the spring clamp system). The cooling unit 8 is provided with a 
cooling lid 9, a main body 10, and cooling water pipes 11. 

The lid 9 for the main body 10 of the cooling unit 8 is formed of aluminum. 
The dimension of the lid 9 in the width direction is the same as that of the main body 
10. The lid 9 includes a thick plate portion 9a having the dimension in the 
longitudinal direction slightly larger than that of the main body 10. A circular 
bottomed hole 9b is formed in the center of the plate portion 9a so as to receive a 
compression member 17 to be fit therein. Two support portions 9c are provided 
around the hole 9b, each of which serves to support leaf springs 16 from both sides 
and to place cooling water pipes 11. The support portions 9c are placed on the 
positions such that the distance therebetween becomes slightly longer than the 
dimension of the leaf spring in the longitudinal direction. The support portions 9c are 
further arranged such that their upper surfaces become slightly lower than each upper 
surface of the leaf springs 16. The configuration of the support portion 9c closer to 
the hole 9d is formed along the end shape of the leaf spring 16. Fitting holes 9d are 
formed in the outer end side of the respective support portions 9c such that the 
respective cooling water pipes 11 are fit therein. Cooling water holes 9e are further 
formed in the support portions 9c, each communicated with lower side portion of the 
fitting holes 9d, respectively. The cooling water holes 9e pierce through the bottom of 
the lid 9 so as to be communicated with a cooling portion 10a of the main body 10. 
Four holes 9f are formed at each corner of the plate portion 9a through which the 
main body 10 is tightened with bolts. 

Referring to Figs. 9A to 9C, the main body 10 is formed as a box to be closed 
with the lid 9, which is made of aluminum. The main body 10 has a box-like shape 
with large thickness and dimension slightly longer than that of the thermoelectric 
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converting module 13 both in the width and longitudinal directions. A recess portion 
of the main body 10 constitutes a cooling portion 10a into which the cooling water 
flows. The cooling portion 10a is provided with a cooling fin 10b for cooling the 
cooling water. Each fin of the cooling fin 10b has the same height so as to be in 
contact with the bottom of the lid 9 when being set onto the main body 10. The 
bottom surface of the main body 10 is flat so as to be in tight contact with the low 
temperature end surface of the thermoelectric converting module 13. Four bottomed 
bolt holes 10c are formed in each corner of the main body 10 through which the lid 9 
is tightened with the bolts. Each of the bolt holes 10c is provided with a female 
thread. 

The lid 9 is set to be fixed on the main body 10 by tightening 4 bolts (not 
shown), and 2 cooling water pipes 11 are attached to the lid 9 by welding to form the 
cooling unit 8. As the cooling unit 8 is structured based on the size of the 
thermoelectric converting module 13, the area of the cooling unit 8 may be kept 
reduced. As the cooling unit 8 has a box-like shape with large thickness, its rigidity is 
the highest among those of the elements of the exhaust heat power generation unit 2. 
The thermoelectric converting module 13 may be fixed based on the rigidity of the 
cooling unit 8. As a result, the contact between the cooling unit 8 and the low 
temperature end surface of the thermoelectric converting module 13 is uniformized, 
improving thermal contact therebetween. Therefore, the heat exchange between the 
cooling unit 8 and the thermoelectric converting module 13 may further be enhanced. 

The exhaust heat power generation apparatus 1 has 4 cooling units 8 arranged 
in the longitudinal direction as shown in Fig. 4. The cooling water pipe 11 upstream 
of the cooling unit 8 at the most upstream side and the cooling water pipe 11 
downstream of the cooling unit 8 at the most downstream side are connected to a 
radiator (not shown) via a radiator hose (not shown). The other cooling water pipes 
11 are connected with each other between adjacent cooling units 8. In each of the 
cooling unit 8, cooling water that has been cooled with the radiator is introduced into 
the cooling portion 10a through the cooling water pipe 11 and the cooling water hole 
9e. The cooling water then flows through fins of the cooling fin 10b so as to be 
cooled. This may keep the cooling water at lower temperature. As the cooling unit 8 
is formed of aluminum exhibiting substantially lower thermal conductivity than that 
of the stainless steel, the resultant thermal resistance may be reduced. Accordingly 
the cooling unit 8 is capable of transferring heat to the thermoelectric converting 
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module 13 while keeping the lower temperature. 
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Referring to Figs. lOA to 10C, the heat exchange member 12 will be described. 
Figs. 10A, 10B, and IOC are a front view, a side view and a bottom view of the heat 
5 exchange member 12, respectively. 

The heat exchange member 12 made of aluminum is mainly formed of a base 
12a and a heat exchange fin 12b. The base 12a has a thick plate-like shape, and a 
table portion 12c with a thickness slightly larger than that of the outer peripheral 
portion in the center thereof, on which the thermoelectric converting module 13 is 
10 provided. The table portion 12c has a dimension slightly longer than that of the 

thermoelectric converting module 13 both in the width and longitudinal directions. 
The upper surface of the table portion 12c has a flat face so as to be brought into tight 
contact with the high temperature end surface of the thermoelectric converting 
module 13. The outer peripheral portion of the base 12a forms a flange portion 12d 
that is engaged with an outer plate 5d of the divided exhaust pipe 5 to which the heat 
exchange member 12 is attached. A plurality of holes 12e are formed in the flange 
portion 12d, through which the divided exhaust pipe 5 is fixed and tightened with 
bolts. The surface of the base 12a that faces the heat exchange fin 12b has a fin base 
12f attached thereto. The fin base 12f has a size so as to be fit with the opening 5e of 
20 the divided exhaust pipe 5. The heat exchange fin 12b attached to the fin base 12f has 
a height such that each fin of the heat exchange fin 12b becomes close to the side 
plates 5g and the inner plate 5i but not in contact thererwith when the heat exchange 
member 12 is attached to the divided exhaust pipe 5. Therefore all the fins of the heat 
exchange fin 12b form substantially isosceles trapezoidal shape as shown in Fig. 10A. 
25 The exhaust heat power generation apparatus 1 includes 4 heat exchange members 

12A to 12D arranged in the longitudinal direction (see Fig. 4). The pitch between fins 
of the heat exchange fin 12b of the heat exchange member 12 is set so as to become 
smaller as it goes downstream (see Figs. 5 and 6). The closer to the upstream the heat 
exchange member 12 becomes, the more the number of fins of the heat exchange fin 
30 12b becomes. 

Each of the heat exchange members 12A to 12D is fit with the opening 5e 
formed in the divided exhaust pipe 5 so as to be tightened with the bolt 20. As a 
result, divided exhaust passages CW are formed as shown in Figs. 4 to 6. As the base 
12a of the heat exchange member 12 is structured based on the size of the 
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thermoelectric converting module 13, its area may be kept reduced. The base 12a 
further has a thick plate-like shape, resulting in the highest rigidity among those of the 
divided exhaust pipe 5 and the heat exchange member 12 that constitute the divided 
exhaust passage CW. Accordingly the contact between the base 12a and the high 
5 temperature end surface of the thermoelectric converting module 13 is uniformized, 
thus improving thermal contact therebetween. This makes it possible to improve heat 
transfer between the heat exchange member 12 and the thermoelectric converting 
module 13. 

The surface area of the heat exchange fin 12b is varied by changing the pitch 
10 between fins of the heat exchange fin 12b in accordance with the position in the 

longitudinal direction of the exhaust heat power generation apparatus 1 so as to cope 
with the decrease in the exhaust gas temperature (reduced thermal energy) as it flows 
toward the downstream side. The surface area of the heat exchange fin 12b is 
increased by decreasing the pitch between fins as it becomes closer to the downstream. 
15 This may allow the area in contact with the exhaust gas to be increased, increasing the 
amount of the thermal energy of the exhaust gas. The aforementioned structure 
makes it possible to equalize the absorbed thermal energy obtained in the respective 
heat exchange members 12A to 12D arranged in the longitudinal direction of the 
exhaust heat power generation apparatus 1, and to uniformize the temperature at the 
20 surface of contact between each of the heat exchange members 12A to 12D and the 
corresponding thermoelectric converting modules 13, for example, at 400°C. 

The base 12a of the heat exchange member 12 has a large thickness and a high 
rigidity. The height of each fin of the heat exchange fin 12b is set such that the heat 
exchange fin 12b is formed into substantially isosceles trapezoidal shape. As a result, 
25 the heat exchange member 12 deforms in the direction such that each fin of the heat 
exchange fin 12b expands toward the base 12a as shown in Fig. 10A. 

The thermoelectric converting module 13 includes a plurality of 
thermoelectric elements (not shown), for example, semiconductors of p type and n 
type formed of Bi 2 Te 3 which are arranged in series electrically and in parallel 
30 thermally. The thermoelectric converting module 13 has a substantially square shape 
with small area, having a high temperature end surface and a low temperature end 
surface horizontally arranged in parallel with each other. The thermoelectric 
converting module 13 serves to convert the thermal energy into the electric energy 
using the temperature difference between both end surfaces based on Seebeck effect 
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such that electric energy is output from two electrodes (not shown). 

Referring to Figs. 11 A to 13B, the spring clamp 14 will be described. Figs. 
11A and 11B shows apian view and a front view of a clamp portion. Fig. 12 is a plan 
view of the leaf spring. Fig. 13A is a plan view of the compression member, and Fig. 
13B is a sectional view taken along line XDIB-XniB of the plan view shown in Fig. 
13A. 

The spring clamp 14 serves to apply a predetermined pressure to the 
thermoelectric converting module 13 from the outside of the cooling unit 8 so as to be 
fixed between the cooling unit 8 and the heat exchange member 12. At this time, the 
spring clamp 14 flexibly compresses the exhaust heat power generation unit 2 as a 
whole with the elastic force derived from a plurality of leaf springs. Four spring 
clamps 14 are fastened to the exhaust heat power generation apparatus 1 along its 
periphery so as to be tightened. The spring clamp 14, therefore, includes a clamp 15, 
a plurality of leaf springs 16, and the compression member 17. The predetermined 
pressure applied to the thermoelectric converting module 13 is set such that each 
surface pressure applied between the thermoelectric converting module 13 and the 
cooling unit 8 and between the thermoelectric converting module 13 and the heat 
exchange member 12 becomes an appropriate value. 

Referring to Figs. 11A and 11B, the clamp 15 formed of iron includes a 
storage portion 15a, connecting portions 15b, fastening portions 15c and side plate 
portions 15d. The storage portion 15a, connecting portions 15b and the fastening 
portions 15c are all formed from a single plate, both ends of which are provided with 
side plates 15d thereon. The storage portion 15a has a recess portion when viewed in 
front and a substantially ellipsoidal shape as a plan view. An opening 15e that has the 
same shape but slightly smaller size than those of the leaf springs 16 is formed on the 
storage portion 15a. The outer periphery of the opening 15e serves to compress the 
leaf spring 16. Holes 15f are formed at opposite ends of the storage portion 15a, with 
which the cooling water pipes 11 of the cooling unit 8 are fit. The connecting 
portions 15b serve to connect the storage portion 15a to the fastening portions 15c at 
both ends. The fastening portion 15c is formed by bending both ends of the plate that 
constitutes the clamp 15 at right angles with respect to the connecting portions 15b so 
as to be in contact with the adjacent bottom surface of the clamp 15. Three bolt holes 
15g through which bolts pierce are formed in each of the fastening portions 15c. 
When 4 clamps 15 are connected and fastened, they form a substantially circular 
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shape as a sectional view, covering the outermost portion of the exhaust heat power 
generation apparatus 1 (see Figs. 5 and 6). 

Referring to Fig. 12, the leaf spring 16 has a substantially ellipsoidal shape as 
a plan view, which is formed of iron. As the leaf spring 16 has a small spring constant, 
the spring clamp 14 generates the elastic force by stacking a plurality of the leaf 
springs 16. 

The compression member 17 is formed of iron and has a semi-spherical shape 
so as to be in point contact with the leaf spring 16. The circular bottom surface of the 
compression member 17 has a size sufficient to be fit with the hole 9b formed in the 
cooling unit 8 as shown in Figs. 8A and 8B. A bottomed hole 17a is formed in the 
center of the bottom surface of the compression member 17. 

In the spring clamp 14, the compression member 17 is fit with the hole 9b of 
the lid 9 of the cooling unit 8. A plurality of the leaf springs 16 are stacked on the 
compression member 17. The clamp 15 is placed on the leaf springs 16 so as to cover 
a part of the leaf springs 16 and the cooling unit 8 with the storage portion 15a. The 
leaf springs 16 are supported by the support portions 9c of the lid 9 at both sides. The 
top surface of the stacked leaf springs 16 is higher than the support portions 9c. The 
fastening portions 15c of the clamp 15 are aligned with respect to the fastening 
portions 15c of the clamps 15 at both sides such that fastening portions 15c of the 
adjacent clamps 15 are fastened with bolts 21 and nuts 22 as shown in Figs. 5 and 6. 
The exhaust heat power generation apparatus 1 is fastened with 4 spring clamps 14 
that are fastened along the periphery and functioning like a belt. 

In the spring clamp 14, a predetermined pressure is applied to the cooling unit 
8 ( to the thermoelectric converting module 13 and heat exchange member 12) from 
the compression member 17 under pressure applied by the clamp 15 through the leaf 
springs 16 and the compression member 17. The predetermined pressure is adjustable 
by changing the fastening force of the bolts 21 and nuts 22. Even if deviation occurs 
in the compression owing to positional displacement of the leaf springs 16 or the 
clamp 15, the uniform pressure is applied to the cooling unit 8 from the compression 
member 17 that is in point contact with the leaf springs 16. As a result, uniform 
surface pressure is generated on the cooling unit 8. As the elastic force is generated 
by stacking a plurality of the leaf springs 16 each having a small spring constant, the 
thermoelectric converting module 13 may be flexibly compressed. 

In the exhaust heat power generation unit 2, the heat exchange member 12, the 
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thermoelectric converting module 13, the cooling unit 8, and the spring clamp 14 are 
arranged from the center of the exhaust heat power generation apparatus 1 in the 
width direction. The thermoelectric converting module 13 is flexibly fixed under the 
appropriate surface pressure by the spring clamp 14 based on the cooling unit 8. In 
the exhaust heat power generation apparatus 1, 4 divided exhaust pipes 5 are arranged 
in the peripheral direction and 4 exhaust heat power generation units 2 are arranged in 
the longitudinal direction. Each of the exhaust heat power generation units 2 is 
independently provided in the exhaust heat power generation apparatus. 

Operations of the exhaust heat power generation apparatus 1 will be described 
referring to Figs. 1 to 6. ... 

The exhaust heat power generation apparatus 1 receives the flow of exhaust 
gas from the exhaust pipe 3 and allows the cooling water supplied through the most 
upstream cooling water pipe 11 to flow therethrough. The flow of the introduced 
exhaust gas is split into 4 by the split member so as to be lead to the respective 
divided exhaust passages CW. 

The exhaust gas in each of the respective divided exhaust passages CW flows 
through fins of the respective heat exchange fins 12b of 4 heat exchange members 
12A to 12D (see Fig. 10) toward downstream. The thermal energy is absorbed from 
the exhaust gas by the heat exchange fin 12b. The closer the exhaust gas flqws 
downstream, the more the thermal energy is lost the exhaust gas, decreasing the ' 
exhaust gas temperature. So the pitch among those fins of the heat exchange fin 12 is 
reduced to improve the efficiency for absorbing the thermal energy of the exhaust gas. 
The heat exchange member 12 transfers the absorbed thermal energy to the table 
portion 12c (see Fig. 10). As the heat exchange member 12 is formed of aluminum 
with low thermal resistance, the temperature may be kept high until the thermal 
energy is transferred to the table portion 12c. The heat exchange member 12 
transfers the thermal energy to the high temperature end surface of the thermoelectric 
converting module 13. At this time, an appropriate surface pressure is applied to the 
upper surface of the table portion 12c from the high temperature end surface of the . 
thermoelectric converting module 13. The upper surface of the table portion 12c is 
kept flat and in contact with the high temperature end surface of the thermoelectric 
converting module 13 uniformly. Each of the heat exchange members 12A to 12D 
transfers substantially the same amount of thermal energy irrespective of their 
positions located at either upstream or downstream. Therefore, the high temperature 
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end surface of the thermoelectric converting module 13 may be kept at substantially 
constant temperature. Each of the exhaust gas flowing through 4 divided exhaust 
passages CW joins at the joint member 7 so as to be discharged into the exhaust pipe 
downstream of the exhaust heat power generation apparatus L At this moment, the 
5 thermal heat is drawn from the exhaust gas, resulting in the temperature decrease. 

The cooling water flows toward downstream through fins of each of the 
cooling fin 10b within the cooling portion 10a of 4 cooling units 8, respectively as 
shown in Fig. 9. The cooling water is further cooled in the cooling fin 10b. The 
cooling unit 8 serves to transfer the cooling water to the bottom of the main body 10 

10 while keeping the cooling water at low temperature. The cooling unit 8 formed of 

aluminum with low thermal resistance functions in keeping the low temperature of the 
cooling water until it reaches the bottom surface. The cooling unit 8 serves to transfer 
the low temperature of the cooling water to the low temperature end surface of the 
thermoelectric converting module 13. At this moment, an appropriate surface 

15 pressure is applied to the low temperature end surface of the thermoelectric 

converting module 13 from the bottom surface of the main body 10. The bottom 
surface of the main body 10 keeps its flatness so as to be in uniform contact with the 
low temperature surface of the thermoelectric converting module 13. The cooling 
water flowing from the cooling unit 8 at the most downstream side is then discharged 

20 from the exhaust heat power generation apparatus 1 . 

Each of the thermoelectric converting modules 13 generates electric power 
using the temperature difference between the high temperature of the cooling water 
transferred to the high temperature end surface and the low temperature of the cooling 
water transferred to the low temperature end surface. The resultant electric energy is 

25 charged in the battery. As both of the high and low temperatures of the cooling water 
may be sufficiently held, the resultant temperature difference therebetween is 
substantially large. Therefore, a large amount of electric power is generated owing to 
high thermoelectric conversion efficiency. As the temperature at the high temperature 
side is held at the constant value irrespective of the position at either upstream side or 

30 the downstream side, the thermoelectric conversion efficiency is not lowered even at 
the downstream side. 

Even if distortion occurs in any of the exhaust heat power generation units 2 
under the influence of heat, the exhaust heat power generation apparatus 1 is not 
influenced by the distortion because each of the exhaust heat power generation units 2 
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is independently arranged. That is, the distortion that occurs in each of the exhaust 
heat power generation units 2 is not accumulated. As 4 divided exhaust pipes 5 
constituting the frame of the exhaust heat power generation apparatus 1 are formed of 
stainless steel exhibiting low thermal expansion ratio, the degree of expansion of the 
5 apparatus by itself under the heat is small. The resultant deformation, thus, may be 
reduced. The exhaust heat power generation apparatus 1 is structured such that the 
direction in which the divided exhaust pipe 5 deforms becomes opposite to the 
direction in which the respective heat exchange members 12 deform. Therefore, even 
if both the divided exhaust pipe 5 and the heat exchange member 12 are deformed 
10 under the heat of the exhaust gas at high temperature, each deformation occurred 
therein may offset with each other, thus restraining the deformation in the exhaust 
heat power generation unit 2. 

Each of the exhaust heat power generation units 2 is flexibly compressed by 
the elastic force of a plurality of the leaf springs 16. The aforementioned structure 
15 makes it possible to absorb the distortion occurred in the exhaust heat power 

generation unit 2 under the heat. As the compression member 17 is in point contact 
with the leaf spring 16, the surface pressure can be uniformly applied to the cooling 
unit 8, the thermoelectric converting module 13, and the heat exchange member 12, 
respectively irrespective of the positional displacement among members constituting 
20 the exhaust heat power generation unit 2. 

In the exhaust heat power generation apparatus 1, the rigidity of the cooling 
unit 8 is set to the highest value, based on which the exhaust heat power generation 
unit 2 is formed. This may allow appropriate surface pressure to be applied to the 
thermoelectric converting module 13, thus improving the surface contact between the 
25 cooling unit 8 and the low temperature end surface of the thermoelectric module 13, 
and further decreasing the temperature of the low temperature end surface thereof. 
The rigidity of the base 12a of the heat exchange member 12 is set to the highest 
value at the high temperature side. This may allow appropriate surface pressure to be 
applied to the thermoelectric converting module 13, thus improving the surface 
30 contact between the base 12a and the high temperature end surface of the 

thermoelectric converting module 13, and further increasing the temperature of the 
high temperature end surface thereof. In the exhaust heat power generation apparatus 
1, the system through which the thermal energy of the exhaust heat power generation 
unit 2 is transferred is formed of aluminum exhibiting high thermal conductivity. 
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Accordingly the thermal resistance of each of the members is reduced, thus increasing 
the temperature at the high temperature side, and decreasing the temperature at the 
low temperature side of the thermoelectric converting module 13. The thermoelectric 
conversion efficiency of each of the exhaust heat power generation units 2 of the 
5 exhaust heat power generation apparatus 1 has a considerably high thermal converting 
efficiency. 

In the exhaust heat power generation apparatus 1, the thermoelectric 
converting module 13 is flexibly fixed with the outer pressure applied by a plurality of 
the leaf springs 16. Even if the distortion occurs in the members constituting the 
10 apparatus 1 under the heat, the deformation (damage to the thermoelectric elements) 
owing to such distortion may be restrained, thus generating appropriate surface 
pressure. As 4 spring clamps 14 are arranged in the peripheral direction so as to 
tighten the apparatus 1 like a belt. The apparatus 1, thus, can be sufficiently fixed 
with flexibility. The compression member 17 in point contact with each of the spring 
15 clamps 14 is allowed to apply uniform surface pressure to the exhaust heat power 
generating apparatus constantly. 

Each of the divided exhaust pipes 5 constituting the frame of the exhaust heat 
power generation apparatus 1 is formed of a stainless steel exhibiting a low thermal 
expansion ratio. This may restrain the thermal deformation of the exhaust heat power 
generation apparatus 1 . The exhaust heat power generation unit 2 having small area is 
formed based on the size of the thermoelectric converting module 13 so as to be 
combined with the divided exhaust pipe 5. The distortion of the exhaust heat power 
generation unit 2 under the heat may be restrained. The influence of such distortion 
hardly extends over the other exhaust heat power generation unit 2. Li the exhaust 
heat power generation apparatus 1, the direction in which the divided exhaust pipe 5 
deforms is opposite to the direction in which the heat exchange member 12 deforms. 
Even if both the divided exhaust pipe 5 and the heat exchange member 12 are 
deformed under the heat, each deformation can be offset with each other, thus 
restraining the deformation in the exhaust heat power generation unit 2. 

An example of the invention where an exhaust heat power generation 
apparatus 21 is provided in the exhaust system will be described referring to Fig. 14. 
Fig. 14 is a perspective view representing the exhaust heat power generation 
apparatus arranged in the vicinity of an exhaust manifold. 

The exhaust heat power generation apparatus 21 is arranged in the vicinity of 
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the exhaust manifold EM, a discharge port of which is directly connected to the 
exhaust heat power generation apparatus 21, In the exhaust heat power generation 
apparatus 21, the exhaust pipe is divided into 6 sections. The exhaust heat power 
generation apparatus 21 includes 12 exhaust heat power generation units 22. There 
are 6 exhaust heat power generation units 22 arranged in the peripheral direction, and 
2 exhaust heat power generation units 22 arranged in the longitudinal direction. As 
the exhaust heat power generation apparatus 21 is arranged in the vicinity of the 
exhaust manifold, it receives the flow of the exhaust gas at the highest temperature in 
the exhaust system. The thermoelectric converting module (not shown) at the high 
temperature side of the respective exhaust heat power generation units 22 is heated to 
reach a high temperature, thus improving the thermoelectric conversion efficiency. 

If the generally employed exhaust heat power generation apparatus is arranged 
in the vicinity of the exhaust manifold, the distortion may become heavier owing to 
the exhaust gas at the high temperature, resulting in deformation or breakage of the 
thermoelectric elements and the like. However, the exhaust heat power generation 
apparatus 21 of this example is structured to restrain the distortion under the heat as 
much as possible, which can be provided in the vicinity of the exhaust manifold EM. 
This makes it possible to collect the thermal energy from the exhaust gas at the high 
temperature with higher efficiency. 

As has been described with respect to the embodiment of the invention, it is to 
be understood that the invention may be embodied in various forms without being 
limited thereto. 

In the aforementioned embodiment, the exhaust heat power generation 
apparatus has been applied to an automobile. However, it may be applied to other 
structure that includes an internal combustion engine that discharges the exhaust gas. 

In this embodiment, 16 or 12 exhaust heat power generation units are provided 
to form the exhaust heat power generation apparatus. However, the number of the 
exhaust heat power generation units may be set to an arbitrary value so long as those 
units are appropriately arranged in the peripheral and longitudinal directions in 
30 consideration with the space and configurations for such arrangement. 

In the aforementioned embodiment, the temperature of the exhaust heat power 
generation apparatus is kept uniform irrespective of the position at either upstream or 
downstream. This may be realized by arranging the heat exchange member having 
each pitch among fins of the heat exchange fin reduced as it proceeds downstream. 
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This may also be realized by forming the heat exchange member with the material 
exhibiting the thermal conductivity that becomes higher as it proceeds downstream. 
Alternatively, this may be realized by providing the heat exchange member having 
fins with different pitches and being formed of the material with different thermal 
conductivity. 

In the aforementioned embodiment, the respective members constituting the 
system through which the thermal energy is transferred is formed of aluminum, and 
each of the divided exhaust pipes is formed of stainless steel. The members for such 
system may be formed of the other material exhibiting higher thermal conductivity. 
Each of the divided exhaust pipes may be formed of the other material exhibiting 
lower thermal expansion ratio. 

In the aforementioned embodiment, the heat exchange members are provided 
at the high temperature end surface of the thermoelectric converting module, and the 
cooling unit is provided at the low temperature end surface thereof. Such member as 
an insulating plate may be interposed between the heat exchange member and the 
cooling unit. 

In this embodiment, not only the cooling unit of water-cooling type but also 
air-cooling type may be employed. 

The exhaust heat power generation apparatus of the invention makes it 
possible to reduce the influence of the distortion caused under the heat, providing 
improved thermoelectric conversion efficiency. 



